INTRODUCTION
Polysulfonamides (PSA) fiber is a high-temperature resistance fiber initially developed in China by Shanghai Textile Research Institute and Shanghai Synthetic Fiber Research Institute in 1974 [1, 2] . It has the conjugated aromatic rings and the additional sulfone group structure in its molecular main chain PSA fiber cannot be easily destroyed at high temperature hence its better performance in thermal stability than aramid fiber [3, 4] . The limiting oxygen index of PSA fiber may reach up to 33, higher than that of nomex fiber. However, the fiber has high VSR (volume specific resistance) and initial modulus, instability of crimp and low friction coefficient, which makes processing difficult in spinning and fabric formation. Despite good tensile properties, yarns made from PSA have high hairiness properties because of the static charge in the fibers 5 .Industrial and academic research activities are focusing in developing efficient flame retardant systems for blends of PSA fibers, since this issue is also of very considerable economic importance. The outcome so far is, some fibers can be blended with PSA fibers to achieve acceptable properties for protective textiles [6, 7] . This study is therefore a continuation of research on utilization of the benefits of the PSA fiber while compensating for its limitations.
METHODS

Materials
The materials used were Polysulfonamide (PSA) fibers (length 51 mm, fineness 1.96 dtex, tenacity 4.23 cN/dtex, elongation 25.11%) and cotton fibers (average length 29.5 mm, fineness 1.44 dtex, tenacity 4.03 cN/dtex, elongation 7.41%). Five different counts of combed cotton ring spun yarns (spun by Handan cotton spinning mill in China) were used as cores for core spinning and their properties are shown in Table I The slivers were converted to rovings and then ring spun into yarns. 100% PSA fibers were also carded, drafted and converted into roving. Some of the roving was spun into 100% PSA yarn and some used as sheath to cover the cotton cores to produce five different variations of PSA/cotton yarns.
Test Procedures
The yarn samples' tensile properties were tested in accordance to ASTM D2256-01 standards using YG061 electronic yarn strength tester. Each sample was clamped at a clamping distance of 500 mm and a force applied to it until it broke. The samples were tested 50 times each and their tensile properties were obtained. Yarn evenness testing was done according to ASTM D1425-96 standards using YG135G evenness test analyzer. Each yarn sample of length 400 m was passed through the sensing device of the evenness tester at constant speed of 200 m/min. The yarn irregularity properties were obtained. Yarn hairiness was tested using the YG172 yarn hairiness tester in accordance to ASTM D5647-01 standards. The hairiness tester recorded hairiness index per 10m of a 100 m yarn sample at a speed of 30 m/min. The average results of the hairiness index were noted.
Related studies have shown that the fabric FR properties mainly depend on the raw material used [8] . Therefore, preliminary FR testing of yarns can be used to predict and give an overview of the FR performance of the resulting fabrics [6] . Beroes [9] postulated that textiles burn more slowly in the horizontal direction than inclined or at 45 degrees angle. The reason being that the heat energy producing hot pyrolysis gas cannot rise into the material to pyrolyse it. Therefore an inclined 45 degrees and/or vertical flammability testing can give a better evaluation on FR properties of textiles.
However, in this study, an inclined 45 degrees angle was used since the sample could be clamped at both ends at a controlled tension. Figure 1 depicts an improvised simpler and quicker method used to test and evaluate the FR properties of yarn. A horizontal FR tester equipment was used to test the yarn samples at an inclined angle of 45 degrees. 120 yarns were slightly twisted together to form a yarn bundle which was used as a sample. The yarn bundle, 70.7 mm in length, was then clamped in a sample holder at an angle of 45 degrees and then exposed for 3 seconds to a flame of length 45 mm as shown in Figure 1 , the flame was withdrawn and the burning with flame and without flame times were recorded. The damaged length was measured and noted. The experiment was repeated eight times for each of all the ratios of PSA/cotton blended and core spun yarns including the 100% PSA. The yarns were then treated with a 50% (o.w.f) FPK 8001 FR finish as specified by the material safety data sheet (MSDS) supplied by Herst International Group. The treatment was done by dipping the yarns for 10 minutes in a solution of FPK 8001 and then dried in oven at 100 °C for 30 minutes. The FR testing was repeated the same way it was done on unfinished yarns. Thermogravimetry analysis (TGA) was carried out using NETZSCH TG 209F1 instrument on 100% PSA yarn, 15/85, 25/75, 35/65 blend ratios of core spun and blended yarns. Each sample weighing 5mg was heated from ambient temperature to 800°C in nitrogen atmosphere. Thermograms were recorded under temperature rise rate of 10°C per minute. Analysis on sample weight loss was carried and thermograms were obtained.
RESULTS AND DISCUSSION Tensile Properties
The tensile properties of blended yarns are related to the blend ratios, the corresponding tensile properties of each component and the interactions of the components themselves. In Figure 2 and Figure 3 , the tenacity and breaking elongation for both the core spun yarn and the blended yarn reduce as the PSA percentage ratio is reduced. This trend is the same for both the blended yarn and the core spun yarn. PSA has higher breaking strength and elongation than the cotton fibers hence it (PSA) contributed more strength and elongation percentage in the yarn. Since the cotton fibers have lower strength and elongation than the PSA fiber, both the PSA/cotton core spun and blended yarn will have reduced strength and elongation as cotton percentage ratio is increased. The blending of a relatively weaker fiber (cotton) with a stronger fiber (PSA) leads, as expected, to some losses in yarn strength. The loss of strength in the blended yarn is attributed to the differences in the breaking elongation of both cotton and PSA fibers.
When the PSA/cotton yarn was subjected to increasing load, the cotton fibers with smaller elongation broke first, and then PSA fibers were exposed to entire load. The remaining PSA fibers in the yarn were not enough to carry the entire load, which lead to a loss of strength in the PSA/cotton yarn.The PSA/cotton blended yarn has higher breaking strength and elongation than the core spun yarn at all blend ratios. The intimately blended PSA and cotton fibers in the blended yarn work together to share and distribute the load throughout the yarn hence good strength and elongation properties [10] . Ruppenicker et al. [11] postulated that the core contributes more to tensile properties since it carries most of the load. Therefore in this study, the lower strength cotton core in the core spun yarn causes a reduction in strength and elongation. Fiber length and length uniformity have an influence on yarn strength [12] , because they affect yarn evenness. The blended yarn showed a slight increase in unevenness with increase in cotton ratio (Figure 4) . Unevenness affects the twist distribution and hence reduces the strength and elongation in blended yarn. Despite the losses in tensile properties, the results prove to be better when compared with other inherently FR fibers blended with cotton. The tensile properties of PSA/cotton are better compared to Basofil/cotton yarn [13] . The breaking elongation is also higher than that of Kevlar/cotton yarn, although Kevlar/cotton yarns have better tenacity [14] . Yarn evenness which basically deals with the variations in yarn fineness, is one of main indexes that determine the quality of yarns and fabrics. The unevenness of yarns deteriorates the strength of the yarn, increase the end breakages during fabric formation and hence reduce the productivity. Unevenness of yarns can also influence the appearance quality of textiles. Yarn evenness variations, especially in blended yarns, are inevitable because they arise from the fundamental nature of the constituent fibers and from their resulting arrangement in the yarn. Figure 4 shows that the core spun yarn has better evenness properties than the blended yarn. This is because combed cotton yarns with good and almost similar evenness properties (Table I) were used as cores in the core spun yarn. Thus the core spun yarn has better evenness properties despite the changes in PSA/cotton blend ratio. The unevenness of the blended yarn increased slightly as the cotton ratio increased in the yarn. This was caused by the differences in nature of cotton fibers and the PSA fibers and also by the mechanical constraints. Douglas [15] stated that there is close correlation between fiber fineness and yarn evenness. In this case the cotton fibers and the PSA fibers have different fineness which in turn affects the yarn evenness. Fiber length, length variations and variations in the number of fibers in the yarn cross section affect yarn evenness [16] . The effect can be explained by the floating fiber mechanism, thus fibers not held by either nip point are not properly drafted which decrease the evenness properties [17] . In this case where drafting rollers are set to accommodate the long length PSA fibers, the floating fiber mechanism is likely to occur due to the presence of cotton fibers which are much shorter than the PSA fibers. The PSA/cotton blended yarn therefore has low fiber length uniformity. Thus increase of cotton fibers in the PSA/cotton blended yarn means an increase in the short fiber content and hence an increase in yarn unevenness which is seen from the obtained results. Hairiness is an important aspect as it adversely affects the appearance of yarns and fabrics. It is one of the factors that determine the appearance grade of the yarn, thus higher hairiness downgrades yarn appearance grade. Hairiness can be influenced by the characteristics of the fibers.
Evenness
Blending has been found to have a significant effect on yarn hairiness. Jackowski [18] found blended yarns have higher hairiness than yarns made from component fibers. Conversely, Barella and Vigo [19] found that hairiness was more in polyester than cotton yarn and intermediate for their 50/50 blend. of these fibers has an value. The differences in these findings may be attributed to the differences in fiber fineness and length of the blended fibers. Most synthetic fibers are prone to static generation which generally results in more hairy yarns because of repulsion of fibers. This is the reason why most synthetic fiber yarns are more hairy than natural fiber yarns [20] . Thus PSA yarns have been found to more hairy than other synthetic yarns. The problem of yarn hairiness is one of the key factors that devaluate the PSA yarn quality [5] In Figure 5 , the hairiness index seems to reduce with the reduction in the ratio of PSA fibers for both core spun and the blended yarn. PSA fibers tend to accumulate a static charge during processing which might cause some difficulties of the fiber adhering on the yarn surface and henceforth causing hairiness. Therefore higher percentage ratio of PSA fibers in the yarn will yield higher hairiness [5] . With all being said, the blended yarn has better hairiness properties than the Core spun yarn. This is because the blended yarn has both cotton and PSA fibers on its surface whereas the core spun yarn has PSA fibers as the sheath. Thus the cotton fibers on the blended yarn's surface help decrease hairiness.
Hairiness index ≥3mm
Cotton ratio % Table II shows that the core spun yarn has better FR properties than the blended yarn for both finished and unfinished yarn bundles. This is because the PSA fiber, which is a flame retardant fiber, is used as the sheath of the core spun yarn. The finished and unfinished core spun yarn, for all different PSA/cotton percentage ratios, did not burn during the experiment. However the yarn bundles for all the different PSA/cotton percentage ratios experienced some damages due to the flame exposure. There was also a slight change in the damage length between the finished and unfinished core spun yarns. The finished core spun yarns yielded better results than the unfinished core spun yarns. The measured damage length increased with the reduction of PSA percentage ratio. On the other hand the finished blended yarn had better results than the unfinished blended yarn in both burning time and damage length tests. The unfinished blended yarn started to experience burning (with/without flame) from the 75/25 to 65/35 blend ratios. The burning time increased with the increase in cotton ratio, this is because cotton fibers have lower LOI value as compared with the PSA fibers [1, 2] . All the FR tests proved that the PSA fibers provide good FR properties to the yarn. http://www.jeffjournal.org Volume 9, Issue 4 -2014 Thermogravimetric Analysis (TGA) FIGURE 6 . Themogravimetic analysis of different ratios of unfinished corespun and blended yarns. For the thermogravimetric analysis results in Figure  6 and Figure 7 , the thermograms are divided into three sections. Section one is between 37ºC and 100ºC, followed by a plateau section and then second section between 280ºC and 500 o C. Finally, the third section which is between 500ºC and 800ºC. In the first section, the 100% PSA thermogram show a very low weight loss caused by dehydration of the PSA fibers. As the temperature increased, PSA polymer chain segment movement rate gradually increased. In the second section, weight loss rate began to accelerate. The PSA polymer chains began to break thereby generating smaller molecules and releasing gases, thus causing a major weight loss. This major weight loss began at the PSA decomposition temperature of around 420°C, slightly higher than that of Nomex and Aramid 1313, which shows better thermal performance of PSA [21, 22] . In the third section, Weight loss rate was gradually decreased. The PSA/cotton blended yarn and core spun yarn showed the same trend. The increase of cotton ratio in the yarn presented a reduced trend. Core spun yarn showed better thermal decomposition than blended yarns because of the PSA sheath. In the first section of the curve, The mass loss observed is mainly due to dehydration of the fibers. In the second section, the http://www.jeffjournal.org Volume 9, Issue 4 -2014 trends show a steep increase in weight loss rate. The mass loss is due to thermal decomposition into gases (SO 2 , N, H 3 or CO 2 ) and carbonaceous char in case of PSA; in case of cotton, oxidative decomposition into gases (CO, CO 2 ) and formation of carbonaceous char [23, 24] .
It can be noticed that in the second section, there are two distinctive weight losses in the sample trends, thus between 280°C and 350°C and between 400°C and 400°C for the first and the second part respectively. The first one is due to the thermal degradation of cotton which begins at a lower temperature than that for PSA thermal degradation. Thus the cotton acts as initial source of ignition in the PSA/cotton yarns. The second one, the mass loss is mainly due to complete decomposition of cotton and partial decomposition of PSA. As the temperature is raised, heat is produced from the combustion of cotton decomposition products. The PSA component supply an additional fuel to a gas phase which then increase energy of gas phase oxidation. In the third section the rate of weight loss is reduced. In this section, the char component undergoes oxidative decomposition resulting in weight loss. At 800 °C, the remaining weight is between 20% and 35%, with blends having high ratio of PSA showing greater remaining weight. The thermal degradation of PSA and its cotton blends can be compared with other inherently FR fiber blends. The decomposition temperature for nomex, and its Lenzing viscose blends was between 220°C and 400°C and the wool/PPTA blends were completely decomposed at a temperature around 600°C [22, 25] . Thus PSA and its cotton blends showed superior thermal degradation results compared to Nomex, Nomex/Lenzing viscose blends, and wool/PPTA blends.
In Figure 7 it can be noticed that the thermograms for the finished core spun and blended yarn have no significant difference. However when compared to their unfinished counterparts, they show better thermal degradation. This proves that FR finish played a significant role in thermal degradation of the core spun and blended yarns.
CONCLUSION
The blended yarn yielded better tensile and hairiness properties whereas the core spun yarn had better evenness, FR and thermal properties. Thus either core spinning or intimate blending can be used with regard to the desired yarn properties. Blending PSA and cotton reduces tensile, FR and thermal properties of PSA, however the yarn hairiness is improved. PSA can therefore be blended with cotton to attain desired and acceptable yarn properties in a cost effective way.
